Study Objectives: To compare clinical, electrophysiologic, and biologic data in narcolepsy without cataplexy with low (≤ 110 pg/ml), intermediate (110-200 pg/ml), and normal (> 200 pg/ml) concentrations of cerebrospinal fluid (CSF) hypocretin-1. Setting: University-based sleep clinics and laboratories. Patients: Narcolepsy without cataplexy (n = 171) and control patients (n = 170), all with available CSF hypocretin-1. Design and interventions: Retrospective comparison and receiver operating characteristics curve analysis. Patients were also recontacted to evaluate if they developed cataplexy by survival curve analysis.
INTRODUCTION
Narcolepsy without cataplexy is a complex, heterogeneous disorder.
1,2 Until recently, most narcolepsy studies have focused on narcolepsy with cataplexy, an etiologically homogenous disorder tightly associated with hypocretin deficiency and HLA-DQB1*06:02 positivity. 3, 4 Hypocretin deficiency can be tested by measuring cerebrospinal fluid (CSF) concentrations of hypocretin-1, one third of normal values or 110 pg/ml being the most optimal cutoff based on receiver operating characteristics curve
PREDICTORS OF HYPOCRETIN DEFICIENCY IN NARCOLEPSY WITHOUT CATAPLEXY
http://dx.doi.org/10.5665/sleep.2080 analysis. 5 Prevalence for narcolepsy-cataplexy is established at 0.02-0.05% in the United States, Western Europe, and Korea. [6] [7] [8] [9] The classic tetrad for narcolepsy includes excessive daytime sleepiness, cataplexy, sleep paralysis, and hypnagogic hallucinations. Patients suffering from narcolepsy-cataplexy also demonstrate disturbed nocturnal sleep with frequent awakenings, although total sleep time over the 24-hr period is generally within the normal range. 10, 11 After the discovery that many patients enter rapid eye movement (REM) sleep rapidly upon falling asleep, a rare occurrence in control patients, the Multiple Sleep Latency Test (MSLT) was developed as a diagnostic tool for the condition. 12, 13 A mean sleep latency (MSL) of less than or equal to 8 min and the observation of at least 2 sleep onset rapid eye movement periods (SOREMPs) during MSLT were established as diagnostic criteria for narcolepsy using patient groups containing a large majority of patient with cataplexy. 14 The MSLT was recognized by both the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) and the first International Classification of Sleep Disorders (ICSD), 15, 16 which defined narcolepsy as a disorder of REM sleep, with most cases having cataplexy and/or a positive MSLT.
With increased awareness of sleep disorders, most notably sleep apnea, a growing number of patients without cataplexy but a complaint of unexplained daytime sleepiness were being identified, some of whom had a positive MSLT. 17, 18 This finding has led to an increasing number of patients being diagnosed with narcolepsy without cataplexy. This diagnostic entity was recognized by the ICSD-2 as distinct from narcolepsy with cataplexy but a likely etiologic heterogeneity was noted. 19 Indeed, in these cases, hypocretin deficiency is present only in a minority (0-40%) of patients (all HLA positive), 2, 5, [20] [21] [22] [23] [24] a portion of whom are young patients who, based on retrospective studies, will later develop cataplexy. 25 These patients are likely to have the same etiology as most patients with cataplexy.
Another portion of patients with narcolepsy without cataplexy likely have false-positive MSLT results, as recent population-based studies have found that 2-4% of the population has a positive MSLT, most of whom do not complain of excessive daytime sleepiness. 26, 27 Some may also have partial hypocretin deficiency sufficient to cause sleepiness and SOREMPs but insufficient to cause cataplexy or reduce CSF hypocretin-1 concentrations. Finally, it is possible, if not likely, that other central nervous system-based pathologies can produce daytime sleepiness with multiple SOREMPs, as established in myotonic dystrophy and Prader-Willi syndrome. 28, 29 Because of etiologic heterogeneity and the possibility of false-positive MSLT results, a clear diagnosis is very difficult to establish for these patients,, and narcolepsy without cataplexy is a diagnosis of exclusion. Indeed, it is good practice to exclude possible confounding factors for sleepiness and positive MSLTs such as the presence of sleep apnea and circadian abnormalities of sleep deprivation. However, in practice, these factors are often hard to exclude and may coexist in various degrees. Further, although logical, data showing convincing effects of these factors on MSLT SOREMPs is lacking. Consequently, the only sure way to exclude confounders is to observe a therapeutic response when these factors are corrected. Because this correction relies on motivation and compliance (using continuous positive airway pressure (CPAP), or trying to increase total sleep time), it is often difficult to know if the problem has been fully corrected when no response is observed.
The only subset of patients in whom a clear etiologic basis can be delivered is those who are HLA DQB1*06:02 positive and hypocretin deficient. The distinction between narcolepsy with and without hypocretin deficiency has clinical consequences. Narcolepsy with hypocretin deficiency is a lifelong condition not known to be reversible. In contrast, little is known about the evolution or the etiology of narcolepsy without cataplexy with normal CSF hypocretin-1. Whereas aggressive treatment of narcolepsy with hypocretin deficiency is easily justifiable on this basis, 30 it has been proposed that more caution should be exercised in other patients, 31 many of whom now receive a lifelong diagnosis and aggressive therapy with potentially addictive medications.
In this study, we collected available clinical and polysomnography (PSG) data on patients with narcolepsy without cataplexy with available CSF hypocretin-1 concentrations. Our goal was to find predictors of low concentration of CSF hypocretin-1 in patients with narcolepsy without cataplexy.
METHODS

Patients
Cases of narcolepsy without cataplexy with available CSF hypocretin-1 levels were identified from searches conducted in the Stanford Center for Narcolepsy Research database and a similar database available in China and from collaborators across the world. Information extracted for these patients included demographics, country of origin, referral center, ethnicity, and clinical, biologic, and PSG data.
ICSD-2 was used for diagnosis, implicating that all cases had excessive daytime sleepiness and a positive MSLT: MSL ≤ 8 min, ≥ 2 SOREMPs. Per ICSD-2, "patients […] with atypical or doubtful cataplexy […] should be included in the narcolepsy without cataplexy category", in which "unambiguous cataplexy is not present, but cataplexy-like episodes may be reported. These include atypical sensations of muscle weakness triggered by unusual emotions such as stress, sex or intense activity/exercise; long episodes of tiredness that do not fit the classical description of cataplexy; and episodes that have occurred only a few times in a lifetime." Therefore, we used the term atypical cataplexy for symptoms matching the former description, but clearly present (e.g., not triggered by typical emotions), and doubtful cataplexy for very mild or rare symptoms. 19 Mild to moderate sleep apnea was not considered a criterion for exclusion providing it was not considered to be the primary cause of the daytime sleepiness reported. Patients with a diagnosis of secondary narcolepsy, multiple sclerosis, or any other neurologic disorder that may affect CSF hypocretin-1 concentration were excluded. 32 One patient was included as the proband of a multiplex narcolepsy family (other members of the family were not included); other patients had no positive family history. To rule out other causes of excessive daytime sleepiness and short REM latency, such as sleep deprivation or sleep apnea, MSLT was performed after overnight PSG. Sleep logs or actigraphies were performed in 40% of the cases, when clinical interview was not sufficient to rule out chronic sleep deprivation. When in doubt (75% of the cases), patients were asked to sleep more to exclude possible sleep deprivation (see Table S1 ). In 14% of the cases, patients were systematically tried on continuous positive airway pressure (CPAP) when the apnea-hypopnea index (AHI) was ≥ 15. Patients with significant shift-work issues were always excludedUsing this method, 171 patients were identified: 41 with low, 13 with intermediate, and 117 with normal CSF hypocretin-1 concentrations (see Table S1 for details). These had been recruited from 8 sites: USA-Stanford University (34%, n = 58), Japan (18%, n = 30), Korea (12%, n = 21), France (12%, n = 21), USA-Mayo Clinic (8%, n = 14), Denmark (8%, n = 14), China (7%, n = 12), and Czech Republic (1%, n = 1). Per ICSD-2, some had atypical cataplexy (16%, n = 27), doubtful cataplexy (8%, n = 14), or no cataplexy at all (76%, n = 130).
Control patients (n = 170) for receiver operating characteristic (ROC) curve analysis were healthy and without a known sleep disorder (32.4%, n = 55) and undergoing surgical procedure (67.6%, n = 115) without signs of narcolepsy, as evaluated by the Stanford Sleep Inventory (SSI). 33 One of them had obstructive sleep apnea treated by CPAP. They were recruited from 4 sites: USA-Stanford University (45.3%, n = 77), Korea (44.1%, n = 75), Czech Republic (10.0%, n = 17), and Italy (0.6%, n = 1), All patients gave written informed consent approval and a Stanford Institutional Review Board approved the study.
Clinical Markers and Sociodemographic Parameters
Sociodemographic and clinical data were collected through the SSI in most instances. Sociodemographic data were age when CSF was drawn, sex, and self-identified ethnic group. Clinical data were age of onset of sleepiness, duration of illness (calculated from subtracting age of onset of sleepiness from age when CSF was drawn), the presence of atypical or doubtful cataplexy (either very infrequent or long lasting, or never triggered by usual emotions such as laughter and joking) and its severity (scored 0-8, calculated from frequency, duration, and triggers of cataplexy attacks as reported in the SSI), age at first attack and trigger, the presence of hypnagogic hallucinations and sleep paralysis and their severity (scored 0-9 and 0-16, respectively, calculated from frequency and duration of the symptoms as reported in the SSI), the presence of naps and their frequency, and the number of nocturnal awakenings. Subjective daytime sleepiness was evaluated using the Epworth Sleepiness Scale (ESS). 34 Body mass index was calculated from clinical data.
Objective daytime sleepiness was evaluated using MSLT, performed after overnight PSG, according to a standard protocol in all but 2 centers, 35 and MSL and number of SOREMPs were recorded. Instead of using the occurrence of the first epoch of any sleep stage as criterion for sleep onset, the French and Japanese centers (n = 51; 30% of the sample) used three consecutive epochs of stage 1, or the first epoch of any other sleep stage. Because these two data collection centers did not use standard criteria as described by Littner et al. 35 to define sleep onset during MSLTs, we also conducted secondary analysis without these centers. Results were virtually identical; thus, the whole sample was used.
All centers extended the 20-min nap opportunity (for 15 min after sleep onset) to assess the occurrence of REM sleep. In 3 centers, a fifth nap test was only performed if there were already one or more SOREMPs during the first four nap opportunities, otherwise all the other centers systematically performed five naps.
REM latency, total sleep time, percentage of stage 1, sleep efficiency (typical parameters known to differ in narcolepsy patients versus control patients), and AHI were measured using standard overnight PSG.
HLA and CSF Hypocretin-1
Genetic typing of HLA DQB1*06:02 was performed using a sequence-specific polymerase chain reaction, as described by Hallmayer et al. 36 CSF hypocretin-1 concentrations were measured as previously described.
5
Statistical Analysis
Patients were separated into three groups: low (≤ 110 pg/ ml), intermediate (111-200 pg/ml), and normal (> 200 pg/ml) CSF hypocretin-1 concentrations.
3 Mann-Whitney U-tests or t-tests were used for simple group comparisons of continuous variables. Chi-square or Fisher exact tests were used for dichotomous variables. Logistic regressions were used to adjust results for sex, age, and ethnicity. R v2.13 (The R Foundation for Statistical Computing) was used to perform statistical analyses. Significance level was set at 5% (P < 0.05).
To determine the optimal cutoff of CSF hypocretin-1 concentration for narcolepsy without cataplexy diagnosis, ROC curve analysis was performed using a custom-made statistical program (softROC). The gold standard was narcolepsy without cataplexy as defined by ICSD-2 (n = 171), compared with unrelated control patients with available CSF hypocretin-1 concentrations (n = 170).
ROC curve analysis was also used to determine MSLT cutoffs best predicting hypocretin deficiency in narcolepsy without cataplexy. The gold standard was narcolepsy without cataplexy and CSF hypocretin-1 ≤ 200 pg/ml (n = 54), compared with narcolepsy without cataplexy and CSF hypocretin-1 > 200 pg/ ml (n = 117).
To study the appearance of cataplexy in follow-up, we checked medical records and contacted patients for updates in diagnosis since inclusion in patients with low, intermediate, and normal concentrations of CSF hypocretin-1. This study was only performed for patients whose duration of illness was longer than 1 yr. A survival curve was built and Cox proportional hazard modeling was used to determine factors influencing the hazard of developing cataplexy.
37
RESULTS
A CSF hypocretin-1 concentration of approximately 200 pg/ ml was the best cutoff for the diagnosis of narcolepsy without cataplexy ( Figure 1) , with a high specificity of 99% but a low sensitivity of 33%, reflecting the fact that a minority of patients without cataplexy are hypocretin deficient. The selected cutoff conveniently coincided with previously used groupings of CSF hypocretin-1 concentrations into low (≤ 110 pg/ml, optimal cutoff for narcolepsy-cataplexy), intermediate (> 110-≤ 200 pg/ ml), and normal (> 200 pg/ml). Twenty-four percent of patients (n = 41), all HLA DQB1*06:02 positive, had CSF hypocretin-1 concentrations consistent with narcolepsy/hypocretin deficiency (≤ 110pg/ml). A few patients (8%, n = 13) had intermediate concentrations, 62% being HLA DQB1*06:02 positive (mean hypocretin concentrations were 154.9 pg/ml in HLA DQB1*06:02 positive, versus 168.0 pg/ ml in HLA DQB1*06:02 negative). All other patients (68%, n = 117), the majority of the sample, had normal CSF hypocretin-1, with 26% being HLA DQB1*06:02 positive; as previously reported, most patients without cataplexy are not hypocretin deficient when hypocretin levels are requested for evaluation. It is also notable that a majority of patients in all three groups were male (59%, 54%, and 58% in low, intermediate, and normal CSF hypocretin-1 groups, respectively). Table 1 contrasts clinical, PSG, and biologic findings across the patient groups. These results were controlled for age, sex, and ethnicity. As can be noted, patients with low concentrations of hypocretin-1 had younger age of onset and were less frequently Caucasian, with the strongest increase in the African American population (20% versus 1%, P < 0.001).
Interestingly, subjective clinical data, such as reports of possible or atypical cataplexy, number of naps per wk or the presence and severity of hypnagogic hallucinations did not differ (uncorrected comparisons or after adjusting for age, sex, and ethnicity) except for sleepiness, as measured by ESS, and the presence of sleep paralysis. In contrast, objective measures of sleep and REM sleep were more severely disturbed in patients with low concentrations of CSF hypocretin-1. For example, patients with a low concentration of CSF hypocretin-1 had significantly more frequent short (≤ 15 min) REM latency during the PSG, a shorter MSL, and a higher number of SOREMPs during the MSLT. These differences were also present when adjusted for age, sex, and ethnicity (see Table 1 for details).
ROC curves analyses were next performed to determine MSLT cutoff best predicting hypocretin deficiency, using our result of a 200 pg/ml cutoff to define hypocretin-deficient narcolepsy without cataplexy. The best cutoff found was an MSLT MSL ≤ 2 min with ≥ 3 SOREMPs. These criteria predicted hypocretindeficiency in narcolepsy without cataplexy with a high specificity (95%), but again low sensitivity (39%) (see Figure S1) .
Of 171 patients, we were able to recontact 127 (74%). For 41 patients with low concentrations of CSF hypocretin-1, we were able to recontact 30 (73%). In this subset, mean duration of illness was 19.7 ± 2.7 yr (range: 1-64 yr). Almost all patients (85%) still complained of excessive daytime sleepiness and 10 (33%) had developed typical cataplexy. In these patients, mean latency between onset of sleepiness and the appearance of cataplexy was 14.7 ± 2.7 yr.
In 117 patients with normal concentrations of CSF hypocretin-1, we were able to recontact 86 (74%). Mean duration of illness was 17.9 ± 1.5 yr (range: 2-46 yr). As in the 41 patients described in the previous paragraph, almost all (88%) cases still complained of excessive daytime sleepiness. Of 86 patients, however, only one (1%) developed typical cataplexy. In this patient, latency between onset of sleepiness and the appearance of cataplexy was 9 yr.
Survival curve analysis showed that in our sample no patient developed cataplexy more than 26 yr after onset of sleepiness and that half (48% [15-69%, 95% confidence interval]) with hypocretin deficiency would eventually develop cataplexy ( Figure 2 ). When adjusting for sex and ethnicity, age of onset and low concentration of CSF hypocretin-1 predicted the development of typical cataplexy (P < 0.05).
DISCUSSION
Only 24% of our sample had low or undetectable concentrations of CSF-hypocretin-1. These results are consistent with previous findings showing that only a minority of narcolepsy without cataplexy cases have low concentrations of CSF hypocretin-1. 31 All these patients were HLA-DQB1*06:02 positive. In contrast, only 26% of patients with normal CSF hypocretin-1 concentrations were HLA positive, a value in line with DQB1*06:02 frequency in the control population. 3 An alteration of the hypocretin system is still possible in these forms that are not associated with a low hypocretin-1 concentration. Partial lesions of hypocretin neurons might affect specific projections and lead to sleep abnormalities, without noticeably lowering CSF hypocretin-1 concentration. A postmortem report showed that, compared with narcolepsy with cataplexy, hypocretin cell loss is localized to the posterior hypothalamus in narcolepsy without cataplexy.
38 Notable in this study was the finding that 8% of patients (n = 13) had intermediate levels, half being HLA positive. Again, this suggests that a portion of patients with narcolepsy without cataplexy may have more remaining hypocretin cells, compared with hypocretin-deficient patients. Thus, the use of "intermediate" levels (110-200 pg/ml) would be a useful category in interpreting CSF hypocretin-1 results.
As previously reported by Oka et al., 1 patients with hypocretin-1 deficient narcolepsy without cataplexy had a younger age of onset (12.5 versus 20.1 yr), a difference that was not present The circle highlights the best CSF-hypocretin-1 (≤ 202 pg/ml) cutoff point. Table 1 
Low hcrt (≤ 110 pg/ml) n = 41
Intermediate hcrt (> 110 -≤ 200 pg/ml) n = 13 in the literature when studying narcolepsy cases overall (with and without cataplexy) or cases with cataplexy only. 5, 20, 21, 24 Narcolepsy without cataplexy cases with low versus normal CSF hypocretin-1 concentration differed most strongly in ethnicity. Indeed, although Asians were slightly more likely to have low concentrations of CSF hypocretin-1 than Caucasians, the difference was most notable in African Americans (1% of normal-CSF-hypocretin-1 versus 20% of low-CSF-hypocretin-1 cases were African Americans, odds ratio = 28). We suggest that many African Americans with low concentrations of CSF-hypocretin-1 have either no or atypical cataplexy, making recognition on clinical ground alone harder in this ethnic group. This finding is consistent with a previous study that showed that African Americans with cataplexy report muscle weakness episodes more often after atypical triggers such as negative emotions. 39 However, these findings have to be interpreted cautiously because they may reflect bias in recruitment or diagnosis across ethnicity: all African Americans were recruited at Stanford, and 89% of them were hypocretin-deficient (see Table S2) .
Surprisingly, subjective symptoms such as hypnagogic hallucinations, triggers, or severity of atypical cataplexy, when present, or number of naps did not differ between hypocretin-1 subgroups. Only subjective sleepiness as assessed by the ESS was slightly higher in patients with low concentrations of CSF hypocretin-1, a result not found in previous studies comparing narcolepsy with and without cataplexy, 2, 5, 24 or in one small study on narcolepsy without cataplexy. 1 These results indicate that it is difficult to distinguish these distinct etiologic groups on clinical grounds alone without additional testing.
In contrast with subjective reports, polysomnographic abnormalities were generally more pronounced in patients with low concentrations of CSF hypocretin-1. For example, MSLT results showed a shorter MSL and a higher number of SOREMPs in this group as reported in narcolepsy with cataplexy and in narcolepsy in general when comparing patients with and without low concentrations of hypocretin-1. 40, 41 Only 5% of patients with narcolepsy without cataplexy with normal hypocretin levels had MSLT MSL below 2 min and at least three SOREMPs.
Patients with an intermediate concentration of CSF hypocretin-1 (110-200 pg/ml) had intermediate results for sleep studies and biologic markers (62% HLA DQB1*06:02 positive). This finding suggests that this group may be heterogeneous. HLA-positive patients in this subgroup tended to have a shorter REM latency at PSG (39.2 versus 84.2 min), but the number of SOREMPs was similar in HLA-positive versus -negative patients (see Table S3 ). However, sample size was small (n = 13), making these results difficult to interpret. Like the rest of our sample, patients in this group were recruited in several different locations, making a bias of recruitment unlikely: 4 (31%) were from USA (Stanford), 4 (31%) from USA (Mayo Clinic), 3 (23%) from Korea, 1 (8%) from Denmark, and 1 (8%) from France. Based on these findings, we believe intermediary CSF hypocretin-1 values in HLA DQB1*06:02 positive patients likely reflect partial hypocretin deficiency in a rare subgroup of cases of narcolepsy without cataplexy (8 of 171 patients, thus 5%), further validating the usefulness of a cutoff of 200 pg/ml rather than 110 pg/ml in these cases.
We also compared HLA DQB1*06:02 positive versus negative patients in the normal CSF hypocretin-1 subgroup (see Table S4 ). In this subgroup, HLA positivity was associated with female sex and increased subjective severity of hypnagogic hallucinations and sleep paralysis. Sleep studies and MSLT results did not differ, suggesting that the pathophysiology may not involve hypocretin transmission abnormalities. Similarly, after correcting for age, sex, and ethnicity, sleep study results did not differ between HLA-positive and -negative patients within all 171 patients (see Table S5 ). In contrast, a higher number of SOREMPs in the low hypocretin-1 group compared with the normal hypocretin-1 group was found even within the subpopulation of HLA positive patients (see Table S6 ). These results do not favor the hypothesis that in patients with normal CSF hypocretin-1, symptomatology is caused by a partial hypocretin deficiency that would cause the symptoms without reducing CSF hypocretin-1 concentrations (although this remains possible in specific patients).
We next explored how likely are narcolepsy without cataplexy cases to develop cataplexy over time. Prior studies have shown that 80% of patients with narcolepsy in whom cataplexy develops do so within 5 yr after the onset of sleepiness, even though it might occasionally appear after 20 yr. 39, 42, 43 In this study, cases within 1 yr of onset and thus still evolving symptomatically were excluded from analysis. Among 171 patients, we were able to gather information for 127 (74%), and found that 10% had developed clear-cut cataplexy. Focusing on patients with hypocretin deficiency, 33% of them had developed typical cataplexy, and mean latency between onset of sleepiness and the appearance of cataplexy was approximately 15 yr. Survival analysis showed that approximately 50% of hypocretindeficient cases (15-69%, 95% confidence interval) will likely develop cataplexy in their lifetime, whereas only 2% (0-6%, 95% confidence interval) of patients with normal hypocretin will do so. It also showed that no patient developed cataplexy when more than 26 yr had elapsed since the onset of sleepiness. Younger age of onset and low CSF hypocretin-1 concentration did statistically correlate with increased probability of developing cataplexy within a shorter time frame. A few patients were much older and unlikely to develop cataplexy.
1,31 One of our patients is a 69-yr-old woman suffering from narcolepsy since the age of 13 yr, with an undetectable concentration of CSF hypocretin-1, and who still has not developed cataplexy. The long latency between onset of sleepiness and of cataplexy in our sample can be explained by the fact that either patients developed cataplexy quickly after sleepiness onset (< 1 yr) or do so with a very variable latency (1-26 yr).
25,44
This study has strength and limitations. Limitations include a retrospective design, missing data, the fact it is a multicenter study (testing protocols vary slightly) and the difficulty to ensure that all differential diagnoses were excluded. Further, it is likely that our sample is not representative of a random sample of cases with narcolepsy without cataplexy, as we mostly used established centers with large narcolepsy populations and CSF hypocretin-1 was mandated for inclusion. It is nonetheless by far the largest study published to date on narcolepsy without cataplexy. Moreover, this study relies not only on clinical and electrophysiologic data, but also on biologic results.
AHI data were missing in 30% of 171 patients. Nevertheless, all patients underwent a nocturnal polysomnogram before MSLT, and therefore were screened for sleep apnea. Further, we documented potential CPAP treatment in 146 of 171 patients (85%), showing that only 14% had required CPAP before the diagnosis of narcolepsy without cataplexy was made. The retrospective design also induces a bias in the interpretation of the survival results: 26% of the patients could not be reached for reassessment, and it is possible that these patients were not followed up because their sleepiness improved. Therefore, the proportion of patients developing typical cataplexy might be lower than the one reported in our study. Nevertheless, the difference (48 versus 2%) between the low and normal CSF hypocretin-1 groups is striking, and low concentration of CSF hypocretin-1 was a significant hazard for developing typical cataplexy.
Other possible cofounders include insufficient sleep and circadian issues. Insufficient sleep was systematically considered as a possible differential diagnosis by all clinicians. Patients with a significant shift-work issue were systematically excluded, but it is harder to exclude chronic, mild sleep restriction. Sleep log or actigraphy data were collected in 40% of the patients, when the clinical interview was not sufficient to rule out chronic sleep deprivation. When in doubt (75% of the cases), patients were asked to sleep more to exclude possible sleep deprivation. Our PSG data also do not support sleep deprivation as a significant confounder. Unlike in classic insufficiency sleep syndrome, these patients were not predominantly male and increased total sleep time or sleep efficiency was not observed.
In addition, it should be noted that, although logical, chronic partial sleep deprivation is not an established cause of SOREMPs on the MSLT. In both population-based MSLT studies published to date, 26, 27 MSLT SOREMPs were only weakly associated with subjective daytime sleepiness and not statistically associated with short habitual sleep time or even with sleep time calculated in diaries before the MSLTs. In the Wisconsin cohort, a borderline association was found with sleep time reported the diary night 2 prior to the PSG-MSLT in males only (no effect with habitual sleep time, or even of any other nights on the diary) but the effect was small (odds ratio = 1.68 for 1 hr decrease) and most of all it was only for this particular night. The bigger effect on SOREMPs was shift work, which was excluded in our study. The impression that insufficient sleep syndrome could cause SOREMPs comes from a large number of small case reports that have been published showing that an MSLT can "normalize" after extending sleep. These reports may, however, simply reflect regression to the mean. Indeed, unpublished data in the Wisconsin sleep study show that test-retest after 4 yr of a positive MSLT has a kappa value below 0.14, thus showing that almost all control patients with a positive MSLT do not have multiple SOREMPs when a second MSLT is redone. The only convincing report suggesting that insufficient sleep could be associated with SOREMPs is the study of Marti et al., 45 who reported that 3 of 20 patients (15%) with insufficient sleep syndrome (whether or not shift work was part of the picture is not detailed in this article) had a positive MSLT versus a few percent in population-based studies and 0% of 20 age-matched control patients. Fifteen percent is indeed high but was not statistically significant (Fisher exact test, P = 0.23). An interesting aspect of this study was that the sequence of sleep staging in narcolepsy versus control was distinct, with NREM1-REM-NREM2 being the most frequent pattern in narcolepsy, and NREM1-NREM2-REM being found in insufficient sleep syndrome. It would have been interesting to look at this in this study, but would be beyond the current scope of the work.
Because such patients are complex and the cause of SOREMPs can be multifactorial, we believe it is impossible to completely exclude all confounders. These patients, however, represent typical patients with narcolepsy without cataplexy seen in clinic. These patients did not have simple sleep apnea, or insufficient sleep as a primary diagnosis. In clinical practice, many patients with narcolepsy without cataplexy may have mild sleep apnea that does not explain the symptoms, or may not always sleep well at night for other reasons; for example, comorbid psychiatric conditions. Others may have irregular sleep-wake patterns, nap during the day, or can have some mood disturbances that are not easy to reveal. Nevertheless, we think that even although a diagnosis is difficult in our population, all possible means to exclude differential diagnoses were used. Further, all patients included were seen by established sleep centers and CSF hypocretin-1 concentration was measured. As lumbar punctures are only proposed to patients who are severely affected and have been seen and characterized for quite a while (mean disease duration 10 yr), and when no other explanations for excessive daytime sleepiness has been found, these factors are unlikely culprits in most patents.
Two other limitations should be mentioned. First, CSF hypocretin concentration testing was most of the time performed when there was a high suspicion of hypocretin deficiency; thus, the true percentage of patients without cataplexy and low CSF hypocretin is probably less than 24%. Second, because CSF hypocretin-1 measurement was mandated for inclusion, patients with normal concentration of CSF hypocretin are likely more severe than randomly selected narcolepsy without cataplexy, possibly explaining the poor evolution, with 88% still reporting daytime sleepiness in follow-up evaluation. Our results mostly confirm the expected more severe results at sleep studies for narcolepsy without cataplexy with hypocretin deficiency. The low sensitivity of the predictors questions whether the use of lumbar puncture and strict MSLT criteria would be of much help in our daily practice.
Although this remains unproven and is in need of further investigation, we believe that predicting hypocretin deficiency in HLA-positive patients may be useful for therapeutic management. Indeed, it may allow the clinicians to better predict evolution (lifelong condition with the possibility of developing cataplexy) and suggest more aggressive treatment. Longitudinal studies focusing on the evolution of symptoms (excessive daytime sleepiness, cataplexy) and MSLT results in narcolepsy without cataplexy, with and without hypocretin deficiency, are also warranted to study evolution over time.
In conclusion, our results show that approximately one fourth of patients with narcolepsy without cataplexy studied in narcolepsy specialty sleep centers across the world have hypocretin deficiency. In some of these patients, the loss of hypocretin tone was likely more partial than in those with cataplexy, and a diagnostic cutoff of 200 pg/ml may be more appropriate than the previously used 110 pg/ml. A substantial number of these patients will develop cataplexy over their lifetime, although often after several decades. Patients with hypocretin deficiency had more polysomnographic abnormalities, notably a significantly shorter REM latency during PSG, a shorter mean sleep latency and more SOREMPs during the MSLT, but only differed subjectively on sleepiness and sleep paralysis. A mean sleep latency of less than 2 min, ≥ 3 SOREMPs, and HLA positivity were most specific (95%), but not sensitive (39%) to predict hypocretin deficiency.
ACKNOWLEDGMENTS
Institution at which the work was performed: Center for Sleep Sciences and Medicine, Stanford University School of Medicine, Palo Alto, California, USA. Dr. Mignot's work was supported by NIH-NS23724 grant. Dr. Andlauer's work was supported by a grant from Fondation Servier. Dr. Nevsimalova's work was supported by a grant for the Czech Ministry of Education -MSM0021620849
DISCLOSURE STATEMENT
This was not an industry supported study. Dr. Plazzi has served as a consultant for UCB Pharma. Prof. Dauvilliers has received speaker's honoraria and supports for travel to meetings from UCB Pharma, Cephalon, Novartis, Jazz Pharmaceuticals, and Bioprojet. He has also participated in advisory boards of UCB and Bioprojet. Dr. Andlauer has received a one-year grant from Fondation Servier and has received speaker's honoraria from BMS-Otsuka Pharmaceuticals, Janssen-Cilag, and Eisai. The other authors have indicated no financial conflicts of interest. a Data are among narcolepsy with atypical or doubtful cataplexy, n = 41 in the whole sample. AHI, apnea-hypopnea index; BMI, body mass index; CPAP, continuous positive airway pressure; CSF, cerebrospinal fluid; EDS, excessive daytime sleepiness; ESS, Epworth Sleepiness Scale; HH, hypnagogic hallucinations; MSL, mean sleep latency; MSLT, multiple sleep latency test; PSG, polysomnography; REM, rapid eye movement; SOREMPs, sleep onset rapid eye movement periods; SP, sleep paralysis; SSI, Stanford Sleep Inventory; TST, total sleep time. 
SUPPLEMENTAL MATERIAL
